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Background: Studies that evaluate the effect of age on stone composition are scarce. The 
aim of this study was to highlight the changes in epidemiological characteristics (stone 
composition and location) of urolithiasis according to patients’ age.
Methods: We studied 1,301 urolithiasis patients with age ranging from 6 months to 92 yr 
(781 males and 520 females). Stone analysis was performed using a stereomicroscope 
and infrared spectroscopy to determine the morphological type and molecular composi-
tion of each stone.
Results: The annual average incidence of new stone formation was 31.7 per 100,000 per-
sons. In 71.8% of cases, calculi were located in the upper urinary tract. Compared to other 
age groups, children and old men were more affected by bladder stones. Calcium oxalate 
monohydrate was the most frequent stone component, even though its frequency decreased 
with age (59.5% in young adults and 43.7% in the elderly, P<0.05) in favor of an increase 
in uric acid stones (11.5% in young adults and 36.4% in the elderly, P<0.05). Struvite 
stones were rare (3.8%) and more frequent in children than in adults.
Conclusions: The analysis of these data showed that urinary stones in Tunisian patients 
are tending to evolve in the same direction as the stones in patients from industrialized 
countries.
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INTRODUCTION
Urolithiasis is a relatively common condition in different continents 
and countries. Nevertheless, the overall probability of forming 
stones considerably differs in various parts of the world [1, 2]. 
The risk of developing urolithiasis appears to be higher in the 
western hemisphere than in the eastern hemisphere, even though 
the highest risks have been reported in some Asian countries [2, 
3]. Socioeconomic conditions have generated changes in the 
incidence, location, and composition of urolithiasis [4]. In fact, 
bladder stones composed of ammonium urate and calcium ox-
alate have been reported to be endemic in Asia, whereas reno-
ureteral calculosis, featuring mainly calcium oxalate and phos-
phate, is currently more frequent in economically developed 
countries [1]. This must be attributed to the different lifestyles 
and dietary habits.
  Because of the continuous changes in lifestyles and dietary 
habits, the relationships between age and composition can also 
change with time [5]. Only a few reports to date have suggested 
a relationship between stone composition and patient’s age [6-
8]. In 1995, Daudon et al. [9] reported an increase in the fre-
quency of uric acid stones with an increase in patient’s age; 
they reported that the frequency reaches its peak in the age 
range 60-70 yr. In Japan, Koide et al. [8] have reported that the 
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peak frequency of calcium oxalate urolithiasis was observed be-
tween 40 and 50 yr of age. 
  Urolithiasis in developing countries was considered very dif-
ferent from urolithiasis observed in industrialized countries [10]. 
In Tunisia, studies evaluating the epidemiological characteristics 
(stone composition and location) of urolithiasis are scarce and 
have been based on the analysis of a limited number of patients 
[6]. This paper reports pioneering research in which we exam-
ined 1,301 lithiasic patients for 10 yr in order to present an out-
line of the current state of renal lithiasis on the Tunisian coast 
region.
METHODS
Between July 1998 and September 2010, we retrospectively in-
vestigated 1,301 patients with stones and who were admitted to 
the pediatric and the urologic surgery departments at the Uni-
versity Hospital of Monastir. The patients, 781 males and 520 fe-
males, were aged 6 months to 92 yr. To make our task easier, 
we divided our patients into 4 age groups according to the Tuni-
sian classification: children, young adults, adults, and elderly.
  Full documentation included recording of age, sex, residency, 
age at onset of symptoms, age at diagnosis of stone disease, clin-
ical presentation, past medical and surgical history, family history 
of stone disease, and recurrence (which was considered if the 
patient had previous surgery or spontaneous passage of a stone 
before presentation). Urine culture was carried out in 987 cases.
  Twenty-four-hour urine determination of urinary calcium, oxa-
late, and uric acid was performed for all patients. Hypercalciuria 
(HCa) was defined as urine calcium excretion >4 mg/(kg 24 hr) 
[11]. Hyperoxaluria (HOx) was defined as urine oxalate excre-
tion  >55 mg/(1.73 m
2 24 hr). Hyperuricosuria (HUr) was de-
fined as uric acid excretion >815 mg/(1.73 m
2 24 hr) [12]. 
  When possible, the structure of each stone was identified us-
ing a stereomicroscope to define the morphology of the stone 
and to select its representative parts (nucleus or core, internal 
section, and external surface) and using infrared spectroscopy 
to determine its molecular and crystalline composition. These 
techniques were used to analyze all stones collected during the 
10-yr study period. Approximately 0.5 to 2 mg of powder was 
collected from each part of the stone and pulverized with an in-
ert powdered support (dried potassium bromide) in a proportion 
of 0.5-2% in an agate mortar. This mixture was transferred into 
an appropriate container and pressed at 10 t/cm
2 to form a 
transparent pellet with a diameter of 13 mm. The spectral region 
investigated was from 4,000 to 400 per cm. Reference spectra 
were obtained from pure potassium bromide (KBr) pellets. The 
spectra were recorded by means of a Bruker IFS25 Fourier 
transform infrared spectrometer (Bruker SA, Wissembourg, 
France). A global powder of the sample was analyzed in order 
to quantify the relative proportions of the various stone compo-
nents. Only the qualitative and quantitative composition ob-
tained from the whole-stone powder constituted the study mate-
rial in this report.
  The various compounds were identified by comparison to 
previously published reference spectra. The results were ex-
pressed according to the main crystalline phase found in the 
stones and were named as follows: whewellite (calcium oxalate 
monohydrate), weddellite (calcium oxalate dihydrate), carbapa-
tite (carbonated calcium phosphate crystallized in a hexagonal 
pattern), struvite (magnesium ammonium phosphate hexahy-
drate), and calcite (anhydrous calcium carbonate). The stone 
component was considered the main element if it exceeded 
75% of the total composition of the calculus. Stones formed by 
a single component were classified as pure stones, and those 
with more than one component were classified as mixed stones. 
Statistical analysis of the data was performed using SPSS 11.0 
for Windows. Statistical significance was determined using the 
χ
2-test. P values less than 0.05 were considered significant.
RESULTS
The average annual incidence of new stone formation was 31.7 
per 100,000 inhabitants. The annual incidence was 7.4 per 
100,000 inhabitants for the pediatric age group and 54.5 per 
100,000 inhabitants for the adult age group. The average annual 
incidence decreased during the last year of our study (Fig. 1). 
The most frequent method of extraction was conventional surgery 
(92.2%). The other methods included extracorporeal lithotripsy 
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Fig. 1. Changes in the annual incidence of urolithiasis throughout 
the study period.Alaya A, et al.
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(6.2%), spontaneous passage (1.3%), and endoscopy (0.3%).
  Of the 1,301 patients with urolithiasis, 781 (60%) were males 
and 520 (40%) were females with a sex ratio of 1.5:1. Patient’s 
age at presentation ranged from 6 months to 92 yr. The number 
of patients stratified by age and sex is shown in Table 1. The 
highest number of calculi in males and females was observed in 
the age groups 40-49 and 50-59 yr, respectively.
  The upper urinary tract was most frequently affected by this 
condition (kidney 52.4% and ureter 29.4%). Bladder stones were 
noted in 18.2% of cases. A significant difference in bladder stone 
cases, was noted according to gender (63.2% in male vs. 36.8% 
in female) (P<0.001).
  Children and elderly patients seemed to have a higher inci-
dence of lower urinary tract stones (Fig. 2). A male predominance 
was pronounced in children (M/F=2.86). Prostate hyperplasia 
was associated with bladder stone findings in 12 elderly male 
patients. 
  A family history of stone disease was recorded for 54 patients 
Table 1. Distribution of urinary calculi according to age and gender 
of the patients
Age 
group Age (yr) Number  % Male  %  Female  % 
Sex 
ratio M/F
Children 0-9 218 16.8 137 17.5 81 15.6 1.53
10-16 45 3.5 22 2.8 23 4.4
Young
  adults
17-19 12 0.9 4 0.5 8 1.5 1.14
20-29 95 7.3 54 6.9 41 7.9
30-39 120 9.2 63 8.1 57 11.0
Adults 40-49 212 16.3 135 17.3 77 14.8 1.67
50-59 212 16.3 130 16.6 82 15.8
Elderly 60-69 161 12.4 97 12.4 64 12.3 1.56
70-79 150 11.5 95 12.2 55 10.6
≥80 76 5.8 44 5.6 32 6.2
Total 1,301 100 781 100 520 100 1.50
%
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Fig. 2. Changes in stone location according to age (N=1,301).
Table 2. Metabolic and urological status of 1,301 Tunisian patients with renal stone disease
Metabolic and 
  anatomical defects
Stone component
Total %
COM UA COD CA Cystine MAP Calcite AU Xanthine Others
Normal 535 177 0 63 0 31 0 42 2 4 854 65.6
Metabolic abnormalities
Hypercalciuria 69 0 99 19 0 11 6 3 0 4 211 16.2
Hyperoxaluria 33 7 1 16 0 4 3 3 0 0 67 5.1
Cystinuria 0 0 0 0 21 0 0 0 0 0 21 1.6
Hyperuricosuria 6 87 0 0 0 0 0 9 2 0 104 8.0
Anatomical defects
Horseshoe kidney 3 0 1 0 0 1 0 0 0 0 5 0.4
Ureteropelvic junction 
  obstruction
9 0 2 6 0 1 0 0 0 0 18 1.4
Dumb kidney 2 0 0 1 0 0 0 0 0 0 3 0.2
Posterior urethral valves 2 0 0 1 0 0 0 0 0 0 3 0.2
Neuropathic bladder 0 0 0 5 0 1 0 0 0 0 6 0.5
Vesicoureteric reflux 0 2 0 4 0 1 0 2 0 0 9 0.7
Total number 659 273 103 115 21 50 9 59 4 8 1,301 100
Abbreviations: COM, calcium oxalate monohydrate; COD, calcium oxalate dihydrate; CA, carbapatite; MAP, magnesium ammonium phosphate; UA, uric acid; 
AU, ammonium urate.Alaya A, et al.
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  As shown in Table 3, the most frequent component of urinary 
stones, as determined by infrared spectroscopy, was whewellite 
(50.7%). However, its frequency differed with age. Whewellite 
was significantly more frequent in young adults (59.5%) than in 
the elderly (43.7%) (P<0.05). The proportion of stones with uric 
acid was 21.0%, and such stones were more prevalent in the el-
derly than in the other age groups (P<0.02). However, ammo-
nium urate stones were predominant in children (P<0.001). 
Struvite-containing stones were observed in 3.8% of cases and 
were more frequent in children than the other age groups (P< 
0.02). 
  According to stone location, struvite stones were more fre-
quently observed in the bladder (6.8%) than in the kidneys 
(3.7%), whereas whewellite stones were more frequently found 
in the kidneys (54.1% vs. 44.1% in the bladder) (Fig. 3). Ammo-
nium urate was observed in 5.1% of bladder stones, and it was 
noted only in children (15.8%).
  The treatment procedures performed were as follows: 1) open 
surgical procedure was performed in 1,057 patients (81.2%); 2) 
stones were disintegrated with extracorporeal shock wave litho-
tripsy in 185 patients (14.2%); 3) endoscopic interventions (sim-
ple forceps and/or basket extraction) were used in 22 patients 
(1.7%); and 4) a specific treatment with D-penicillamine (urine 
pH in the low alkaline range) was used in 21 cystinuria patients. 
However, treatment with D-penicillamine was successful in only 
14 patients. The remaining 23 patients (1.8%) required no spe-
cific intervention, and the majority passed the stones spontane-
ously with conservative management and close follow-up. 
  Of the 1,301 patients, 288 (22.1%) experienced recurrences 
Table 3. Distribution of the main stone components according to age
Main stone 
component
≤16 yr (N=263) 17-39 yr (N=227) 40-59 yr (N=424) ≥60 yr (N=387) Total (N=1,301)
N % N % N % N % N %
Whewellite 129 49.0 135 59.5* 226 53.3 169 43.7* 659 50.7
Uric acid 16 6.1 26 11.5 90 21.2 141 36.4 273 21.0
Weddellite 10 3.8 29 12.8 37 8.7 27 7.0 103 7.9
Carbapatite 27 10.3 18 7.9 35 8.3 35 9.0 115 8.8
Cystine 3 1.1 1 0.4 13 3.1 4 1.0 21 1.6
Struvite 29 11.0 5 2.2 9 2.1 7 1.8 50 3.8
Calcite 1 0.4 3 1.3 5 1.2 0 0.0 9 0.7
Ammonium urate 46 17.5* 7 3.1 6 1.4* 0 0.0 59 4.5
Xanthine 0 0.0 0 0.0 3 0.7 1 0.3 4 0.3
Others 2 0.8 3 1.3 0 0.0 3 0.8 8 0.6
Total 263 100 227 100 424 100 387 100 1,301 100
*P<0.05.
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Fig. 3. Differences in kidney and bladder stone composition.
(4.1%). The most common symptom on admission was abdom-
inal pain in 39% of cases. This was accompanied by colic pain 
in 28.2%, hematuria in 11.7%, dysuria in 9.1%, urinary tract in-
fection in 3.2%, anuria in 2.8%, accidental finding in 2.8%, fe-
ver in 1.9%, and dumb kidney in 1.3%. 
  Anatomical defects were detected in 44 patients (Table 2) and 
were associated with urinary tract infection in only 11 cases. Uri-
nary stasis secondary to a urinary tract anomaly was noted in 8 
patients (18%). Metabolic disorders (confirmed by 24-hr urine 
collection) were observed in 403 patients (31.0%). Two hundred 
and eleven patients had severe hypercalciuria, 67 had hyperox-
aluria, and 21 had cystinuria (Table 2). Hyperuricosuria, detected 
in 104 patients, was the second most common metabolic disor-
der and was more frequent in the elderly.Alaya A, et al.
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since an initial diagnosis of stone disease. The incidence of stone 
recurrence in patients who were radiographically stone free fol-
lowing ESWL was reported as 40.0% (74 cases). Disease recur-
rence occurred at 5 yr after the initial diagnosis based on the 
probable criteria.
DISCUSSION
Changes in socioeconomic conditions have generated changes 
in the incidence and type of urolithiasis in terms of both the site 
and the physicochemical composition of the calculi. Major vari-
ations in worldwide occurrence of urolithiasis have been reported 
according to geographical areas [10]. We found that the annual 
incidence of new stone formation in Tunisian patients was 31.7 
per 100,000 Tunisians. This rate is similar to that reported in 
England (22 per 100,000 inhabitants) [13] and Kuwait (23.9 per 
100,000 inhabitants). However, it is significantly different from 
that reported in Sweden (140 per 100,000 inhabitants) [14], Italy 
(168 per 100,000 inhabitants) [15], and the USA (277 per 100,000 
inhabitants) [16]. In Europe, urinary stones are mainly located 
in the upper urinary tract, and the proportion of bladder calculi 
does not exceed 10.0% [10, 17]. Bladder stones have also been 
found to be frequent in the elderly as reported by some studies 
[18] but not in others [17]. According to Daudon et al. [18], 40.0% 
of the patients they analyzed were men over 80 yr. In our study, 
18.2% of the stones were from the bladder, and elderly men 
were the most affected (24.3%). Prostatic hyperplasia, which is 
considered a frequent cause of bladder outlet obstruction, is 
frequent in old men and could be a possible explanation for the 
high frequency of bladder stones in the elderly [18, 19]. Fe-
males were also exposed to lower urinary tract stones (36.8%). 
This suggests that other risk factors, such as changes in blad-
der function associated with relaxation of smooth muscle tonic-
ity in the elderly, reduce the efficiency of bladder emptying and 
promote urine stasis [18]. 
  The pattern of urolithiasis in adult patients in Tunisia is not dif-
ferent from that observed worldwide. Stone composition has 
changed substantially over the past decades with a progressive 
increase in the frequency of calcium oxalate stones, which rep-
resents 70-80% of stones [20]. According to Daudon et al. [21], 
calcium oxalate stones in developing countries are mainly ob-
served in North Africa and Asia Minor. In our study, calcium oxa-
late stones were found in 58.6% of all cases. This rate is compa-
rable to those reported in French [9], Brazilian [22], and Spanish 
[5] papers. As recognized worldwide, hypercalciuria was the 
most frequent underlying factor in calcium oxalate stones, even 
though in some countries in the eastern hemisphere, hypoci-
traturia has been reported as the leading cause [23]. Daudon et 
al. [7] used a multivariate approach based on correspondence 
factor analysis and confirmed the relationship between stone 
composition and patient age. However, some variations accord-
ing to geographical areas have been reported. In 1993, Baker et 
al. [24] reported that in Australia, the peak frequency of calcium 
oxalate urolithiasis was observed in persons between 50 and 60 
yr of age. In Europe, studies had revealed that calcium oxalate 
stones are more frequent in persons between 40 and 50 yr of age 
[5, 7]. In Asia, it seems that the peak frequency of calcium oxa-
late stones occurs at an earlier age (30-50 yr) [8]. In our study, 
we found a peak frequency of calcium oxalate urolithiasis in per-
sons between 16 and 39 yr of age; similar results have also been 
observed in Algeria [25]. The monohydrate form (whewellite) was 
6.5 times more abundant than the dihydrate form (weddellite). 
Weddellite calculi occurred earlier in female patients than in male 
patients and decreased with increasing age; this finding is similar 
to that of Algerian [25] and French [9] studies. Abrams [26] has 
reported that both vitamin D deficiency and a diminished ability 
to absorb dietary calcium are more prevalent in the elderly. This 
could explain, in part, the decrease of weddellite and whewellite 
frequency in older individuals. In fact, a greater proportion of di-
etary calcium remains in the intestine where it is available to bind 
oxalate, thereby reducing oxalate absorption and the subsequent 
concentration of urinary oxalate [27].
  Chronic diarrhea with subsequent acidosis during the first 
months of life and simultaneous phosphorus deficiency can ex-
plain a high urine excretion of ammonium ions. Ammonium 
ions can form urate ammonium by combining with urate ions, 
which are also abundant in child urine. In our series, ammo-
nium urate was observed as often in kidney stones as in bladder 
stones; however, a high proportion (15.8%) of pediatric bladder 
stones was nucleated on ammonium urate. This suggests that 
hyperuricosuria, low phosphorus intake, low diuresis, and chronic 
diarrhea in children may be factors affecting stone formation.
  Struvite is the best marker of urinary tract infections by ure-
ase-producing bacteria. Our study found a relatively lower rate 
of struvite stones (3.8%) than other stones; this rate was similar 
to the rates reported in Europe [7, 28], Algeria [24], and China 
[29]. This infection lithiasis frequency was lower than that re-
ported by Najjar et al. [30] in the same area. Antibiotics abuse 
may be one reason for the low rate of infection lithiasis in devel-
oped countries [29]. However, we think the earlier detection of 
urinary infections and the greater attention paid to their treat-
ment in recent years could explain the lower frequency in Tuni-Alaya A, et al.
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sia. Contrary to the findings of other studies in France [7, 9], Al-
geria [25], and China [29], we found that uric acid stone was a 
very common type of stone disease in our region, accounting for 
21.0% of cases. However, this frequency was similar to those 
reported in Germany [31], the USA [32], and Australia [24]. 
  Hyperuricosuria and low urinary pH (below 5.5) seem to be 
the most important risk factors for uric acid crystallization [33]. 
In our series, hyperuricosuria was reported in only 107 cases, 
thereby suggesting the presence of others risk factors such as 
dietary habits. Indeed, since the 1960s, these habits have 
changed in our country towards an increase of purine-rich food 
(animal protein and seafood) intake [34], which explains the as-
sociated increase in uric acid excretion. As reported in industri-
alized countries [5, 7-9, 24], our data shows a clear increase of 
uric acid stones according to age in both genders. On the basis 
of the well-established pH dependence of uric acid urolithiasis, 
the rising proportion of uric acid stones with increasing age may 
be due to a progressive defect in urine ammoniagenesis that 
manifests with aging [35]. Daudon et al. [36] have shown that 
diabetic patients are more likely affected by uric acid stones. In 
addition, recent studies have suggested that the increased 
prevalence of urolithiasis and recurrence is associated with obe-
sity and elevated urinary excretion of calcium, uric acid, and ox-
alate [37]. We now know that overeating contributes to the de-
velopment of obesity and is strongly involved in the development 
of diabetes, kidney stones, and hypertension. These risk factors, 
such as obesity, diabetes, and hypertension, should be consid-
ered in epidemiological investigations in order to avoid confu-
sion with the influence of age on stone composition and in order 
to have representative results.
  Some studies have shown stone recurrence rates between 
26% and 53% after 10 yr [38]. Previous ESWL has been found 
to be a risk factor in some studies [39] but not in others [40]. In 
our study, we report a recurrence rate, but the implication of 
ESWL as a risk factor remains to be confirmed.
  In conclusion, although data on kidney stone disease in Tuni-
sia are scarce, our data provide an idea about its epidemiologic 
characteristics. Calcium oxalate stones remain the most frequent 
components in all age groups, even if their frequency decreases 
in the elderly. As reported by other studies, we found that uric 
acid stones increase with increasing age, and infection stones 
are rarely observed in adults. Analysis of these data showed that 
urinary stones seen in Tunisian patients are tending to evolve in 
the same direction as stones seen in patients in industrialized 
countries.
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